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Sir: 

I, Valerie Heitchew, do declare and state that: 

1 . I am a citizen of the United States residing at 484 Battlefield Bluff 
Drive, New Market, Virginia, 22844. 

2. I am the patient "V.H." whose treatment for cervical dysplasia is 
described in Example 13 of U.S. Patent No. 6,689,387. 

3. Prior to late- 1998, in addition to being troubled with chronic breast 
pain, I had a history of abnormal Pap Tests which periodically showed abnormal cervical 
cells starting in my thirties. 

4. Late in 1998, Dr. Zeligs contacted me to see if I would participate in 
preliminary use of topical creams and capsules which contained Diindolylmethane (DIM). I 
was aware of Dr. Zeligs' research and development efforts using natural indoles, such as 
DIM, and agreed to serve as a volunteer to use the DIM preparations and continue my routine 
visits with my personal health care providers. 

5. I recall that in July, 1998 that a Pap Test done by my primary 
physician. Dr. John Stauffer, showed more highly abnormal cells than previous tests and that 
these cells were indicative of early cervical dysplasia. I was closely following this condition 
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because I was advised that I would need surgical intervention if the condition did not 
improve. 

6. In January-February 1999, 1 began to use the topical breast cream 
provided by Dr. Zeligs with good results for my breast pain. This was followed by the use of 
Indolplex^'^ (BioResponse's-DIM) capsules which I preferred because they were more 
convenient than the cream. The capsules were provided to me by BioResponse. 

7. Following the use of the Indolplex™ capsules, I noted resolution of 
chronic vaginal discharge, which had been a recurrent symptom. Prior to this time, I had 
associated the presence of this discharge with abnormal pap test results. 

8. I recall retuming to Dr. Stauflfer on August 3, 1999 and undergoing a 
repeat gynecologic examination. At the time of this examination, I was told by Dr. Stauffer 
that my cervix had a much more normal appearance on visual examination and during my 
repeat Pap Test. 

9. I recall reporting this important improvement to Dr. Zeligs in a phone 
conversation within one or two days of my August 3, 1999 gynecologic examination. 

10. I recall receiving a phone report from Dr. Stauffer office shortly after 
my August 3, 1999 gynecologiceil examination, which provided the results of my Pap Test, 
confirmed my improvement, and indicated that I would not be needing surgery. 

11. I declare further that all statements made in this Declaration of my own 
knowledge are true and that all statements made on information and belief are believed to be 
true and further that these statements are made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issuing thereon. 

Date: Valerie Heitchew 
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MODIPIOATim OF OARCINOGBN MBTABOLISM BY IHDOLYUC AUTOLYSIS 



PRODUCTS OF BRAS3ICA OisBRAOBAB 



Ichrlatopher A. Bradfield and ^Leonard P. BJaldanes 



'Deparimani of Pharmacologx and Toxicology^ NortliweBtarn 
Univarsity Madical SchooU Chicago, IL. ^Dapartmani of 
Nutritional Sclancaa, Vntnrmi^ of California. Barkalay» CA 



ABSTRACT 

Crucifaroua plant foods oonlain larga qtianiiUaa of aecondary plant 
naUboUtaa that hava baan shown to inhibit chemicallr inducad 
earelnotfanaalfl in animala* One nwchanian by which thaaa chamicalB may 
inhibit carcinoganasia la through the induction of anaymeat auch aa 
cytochroma P-|4S0-dapandant nonooxyganaoaa, glutathlona S-tranafaroaas 
(GST) or aposlda hydrolaaaa (BH), which nataboHaa r^ircinogana to mora 
polar and axeraUbla fbraa. Crucifaroua vagaUblaa of tha Braaaica ganua 
(a.g; Bruaaala aproul«p eauliflowart brooooll) contain Mtf/tf lavala of an 
indolyliaathyl glucoainolata coaimonly known aa gluoobraaaiein. Upon 
disruption of tha plant natarial* aa in Ibod praparatjon or chawing, a 
thk>glucoaidaaa-aiadUtad autolytie proeaaa anauaa ganaraUng lndo1a*3- 
carbinol (I3C)» glucoaa. and thincyanata ion. At acid pH comparabla to that 
found in tha atoraach, I3C foraw a wide variaty of condanaatton products 
ranging from linear and cyclic dimera, trimara and totranara to axtandad 
hetercxsycUc compounda auch aa indolocarbasolaa. BxparimanU raviawad 
hara indicata that thaaa indola-condanaation producta are tha conipoundn 
raaponaibla for aona of tha altaratlona in carcinogan mataboliam ohamr^d 
in aninala fad aithar I30 or any of aavaral Brmmtiaam plant fooda. 

ANTZCARCmOOBNIC PROPBRTIB8 OF BRASSXGA VBQBTABI.B8 

Tha National Roaaarch OouncOi Committea of Diat, Nutrition^ and 
Cancar has racommandad incraasad conaumptlon of vagatablaa at tha 
BramaicB genua aa a maaaura to dacreaaa tha incidence of huauin cancer 
'Yatlonal Reaaarch Council^ 1982). Thia racoaimandation la baaed on 
epidemiological evidence (GraliaB» 1983) and reaulta from animal 
experimentation {Stoewaand ei a/., 197B; Wattenberg, 1983) that auggeat that 
thaaa vegetablea poaaeaa cancer-inhibiting propertiea, Tha committae'a 
review of the ecientific literature led to the «uggeatfon that the inhibitory 
effecta of thaaa vegetablaa may be related to the preaence of a number of 
nutritive and nonnutritive conatituenta known to inhibit chemically induced 
carcinoiraoaala In eirpariaienta) animala* 

Stoewaand ei aL (IB7B) publlahed the iirat miudy of an 
antlfsarcinoganio effect of Braamitui vegetables. In thia study, rata that 
were exposed to the hepatocarcinogen aflatoain B| and fed on purified dieta 
supplemented with 25X cauliflower lived considerably longer and had smaller 
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..petimjnU ||howed that -J'A^ ''•^f^i^^J^^i^^e^ic proparii- of ih«.. 
propertioB (Boyd et al., 1988). J.^* A-r* (1983) in which raU 

2iSr; IJrio^^lS^'r* ^rdSth?lh,n?.nthr«.n. than did th. 

unaupplamantad oontrola. 

» (1983) haa autftfmtad that tumori^enesia ia inhibitad by 

Wattenbarg (1983) ^^J^^^ytead by compounda in Braaafca planta. 
carclnogan-motaboUain* ^Xor dtotary coneUtuenU function aa 

Thi. hypolhairta V^pP?^^*^^ ^ tf^ilr abiSty to enhanca tha 
antiearcinocanie »"^f ^rj^^lzi-f^ ahunt the nietaboMa« of 

activitiaa of x«n»blotlc-«etal»li»ln< ew^™^ ^ 

SJroinogan reaehintf targol tia«uaa (Wattanbertf. 1970). 

<i..n»oFtlntf thia hypothoBla ia tha obaervatlon that many Inducara of 

<WaU9nbertf and Leontf, 1970)» 

Ai«K^.^h u i« known that many of the same awnobiotic-motaboliaiw* 

S3i-i^:'anTs-^'- -s?^^ irth:tSo.2st:iiri 

iS^iha^'cStatiJana in (Bao««< at aJ.. 1978; Sahmjaaa-nna-id 

2^2? l A^^?^^; 1976). Additlon-Dy. numy indttoara «««^«<»*^ 
?.Utol^n^ a^h aa phanobarbltal .TIT 

^MZ^ncuM are promotara of carcinoganaala (Pitot, 1982; Pilot 
Si^S tod^tte^^f wnobiotlc-B^ 

itSi-aa^iLiory^ld, but doea not n«re.aarily indicate thiU «po«ura to 
M^Z^TmSH^ to a ianaral pra^riplion for cancar prophylaria. 

DIBTABT BISECTS OH XBMOMOTIO MBTABOLWll 

Barly raporta by Brown at al. (19S«) 
characteriaa tha modiflcaUoo of xanobtotic ^f^*^^l 
M^uanta. includin« tha daacHption of increaaaa in hei-'te 
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activity. Latort Sparnins at ai. (Id82) noted the ef facta of thaaa vegatablea 
on GST activity in rodanta« Babiah and Stoawaand (1975) and Stoewaand 
at aL (1978) daecribad incraaaaa in hepatic aninopyrina N-damathylaaa 
methylaniKnet N-daniathyla8e» and p-nitroaniaola O-demethylaae in rata fad 
on cabbage or cauliflower. More recent reporta have expanded upon theae 
reaulta by deiaonatratinir that conaumptlon of broccoli* cabbaget or Bruaaela 
aprovta laada to the induction of hepatic and inteatinal aicroaoroal and 
cytoaollc BH and qulnona reductaaa activitiaa in rodanta (Aapry and 
HJeldanea, 1983; Handrich and BJaldanea* 1983; Handrich and BJaldaneai 1986; 
Bradfield at al., 1985; Salbe and BJeldanea, 1988; Salbe and BJaldanea, 1986). 

Dietary modification of xenobiotic metaboliam haa alao been ahown to 
alter the biological fate of therapeutic agenta in rata and huoutna. Pantuck 
ei al. (1976) ahowed that rata fed on cabbage or Bruasela aprouta had 
increaaea in the oxidative metaboliam of phenacetin and hexobarbital. 
Similar effecta were obaerved on the oxidative metaboliam of the analgesica 
phenacetin and aminopyrine in hunian aubjecta fed theae vegetablea at 500 
g/d (Pantuck ei al., 1979). In another human study » theae dietary 
treatmenta tncreaaed the clearance rate of acetaminophen in male aubjecta. 
The increaae in clearance rate appeared to be the reault of an increaaed 
capacity to form acetaminophen glucuronideaj rendering thia drug more 
readily excretable (Pantuck ai af.f 1984). 

IDBNTIPICATION OP INDUCBRS OP XBNOBtOTIC-liBTABOLIZING BMZYBCES PROM 
BBASSfCA OLSRAOEA 

The knowledge that cruciferoua vegetables can inhibit chemicrally 
induced carcinoganaaia and induce a variety of xanobiotic-metaboliaing 
enaymea haa lad to attarapia to iaolata the oonatituanta reaponaibla for 
these properties. The relative ease of quantitating effecta on ensyma 
acttviiy aa opposed to awaauring inhibition of naoplasia« aa well aa the 
correlation between potency aa inducing agents and inhibition of chemical 
carcinoganasist haa led to efforta to iaolata oompounda that niodify 
xenobiotic-aietaboliBing ensyntea. Penwick ei aJ. (1983) have provided the 
groundwork to laolatlng these oompounda by eatabliahlng the biochemical 
levela and identities of a aeries of secondary plant matabotttea* known aa 
glucoainolatea. 

Ghxcoainolata levela in aome cultivar«» of the genua Braaaica are 
reported to be aa high aa 180 rag/g (Anand, 1974). L«evela of gluooainolatea 
are known to Ise dependent on acil nitrateai aulfateat conditioneraf 
irrigation, growing aeaaonf cultivar* and crop spacing (Haaney and Penwick« 
1981; Heaney ei al., 1983; MUler ai al.» 1983; Bible ei aL, 1980). The 
generalized atructurs for glucoainolatea ia ahown in Plgure I. All 
gluooainolatea contain fl-D-thiogluoose and aulfaie aioietias (Bttlinger and 
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^ .k. » tfr«ut» is derived btoaynlheticaUy from 
KJeer. 1968|. The structure of the ""V^ ^Ui, over 70 unique 

eeid. (KJeor and 0»««n-»-r."«"' Jf fJ;„tSd in throughout 
SSSJSnte. heve been ch«j«U.rij.^ thiMcnrd^r 

thm order of Capparetos KJaer include* a number of 

SJuin. the fa-«/ ^nicj^.r-J "^rua^^l- aprouta. bro««U. 

I„ eddition to hUrh level. ^^5^*^?$-; ^^^^l ttJeJ^T^ « 

™p of laoayme. which " "TT i973). The thlogluoosidaae ia 

Jluoiinolatea (BJorkman VS- • endopl^ Altbou<h 

S^SLd in dilated cieternae of ^« S^rSTbeen determined, thia 

STeSSt ceUular >ocaU«tton of jtJuc<jJnol«^. h^^^ , ,h 

aubatrata doea appear to when the cell'a inUgrlty la 

S^ESuooaldaae (Pihakaaki a^JJX^^'^J^iJ.'. J^^^ and aubatrata come 
dlai^pted. a. 1« «»-*^^„£S^.,r.^S^ S^neraC 

together. The generaMaed •"J^y"*" "^,7). The nature of the aglucone 
sr.- ^-nTtnTe-^^^^^ 

The «le theae tHU,jlu«»i-« pla,^ inj.^^^^^ 
although reporU euggeat a """^^^^ nredatora (Blau at al., 1978), 
mwHstlcidal activity •«««:^fc»'"S^S^^7to^ ^mpetltive graa«a 
inhlbilory «C£L^andlSS. 19«2). »• 

(Kutacek. 1964; V«*»»«^^5^uirVrow^h hormonea (Shytt Anderson and 
. aa an inactive storage form of plai* groi^ animals include the 

Muir. 1966). Biotogical effccta of «»«*-2^"^^^;j„5-t1^ 

Sit^genio activity of the autolytte p^^ j„3, the 

KSSixicU; ai? ne'S?SS«£?y o^Tu^l^icUy generated epithtobutanea 
(Gould oi ale. IMO). 

I«K)LYUIC MRTABOLITBS. INHIBmON OF NB0PLA8IA AND niDUCTBH. OP 
DBUG-MBTABOLIZIMO BNSYMBS 

Ualng the induction of J^!7S^£S^l^£^ 
acetonitrile (XAN). i«<»o^«»-«-t"f»Sl*V1r%?to^ Braaafca 
(133') were i-olated '"^.i^-.'-^^^jJ^T'SSoto. are product, of the 
«»»'«"?_Ji*'"** aiSS^i. of STdSytoethyl glucoainolaia (alao known 

thloiflu«>aldaae-mediated a^^^ Teating of theae purified 

a. gluoobraaaicin JVirtanen. 19W) '^"^/^ay educed mono«tygena«i« 
eompounda demonrtrated J^j, ^ el.. 1975). AddlttonaUy. MO and 

and/or OSTa \!^J^^i„dJ«^ tumora, and all 

133' inhibited «««-*>»'i»T^Ii!!SSSid te^ neoplasia in mie. 

three ««hiWt«l •i"^^'^ ^^'^ugJ iS^nile co«parl«>na w«r. r«* 
(Wattenberg and Loub, 19^^ ,r^°r», ,30 ^ the ieomer with the 
Urformed. theae early J^^SJ^J i?ion«aiygenami activity and an 

^Ireateat bk>h>gical potency aa an Inducer or aonooKra 

inhibitor of neoplaaia. 

compound., the hi*^ /J SSn iSa SubsequenUy, we found 

tt^\S.a-re."S\rtivX''i£:.¥"i'^^^ 
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PIGURB 2. AUTOLYSIS OP GLUG0BRAS8ICIN 



130 and related indoles induce a variety of xenobiotic-metaboUzinir 
ensymes* moat noiably» cytochrome P-.-450-dependent monooxytfenaaes, auch 
as AHH and ethoxyreaorufin O-deethylaae (Loub at al., 1975; Shert«er, 1982; 
Bradfield and Bjeldanea. 1987). Theae iaosymea are retfulaied by a soluble 
litfand-reaponsive tranacripUon factor, the Ah receptor. Thia receptor acta 
by binding ligandt interacting with genomic elements and increaaintf the 
tranacriptlonal rates of the tfenea that encode these enaymes (e.^- the 
cytochrome P.450 tfene, Whitlock. 1987), A^nists of the Ah receptor include 
s variety of planar aromatic hydrocarbona» auch aa benao(a]pyrenef 8* 
napihoflavona and 3-niethylcholanthrenev as weU ss haloirenated dibenso- 
p-dSoxins» biphenyls and asobsnaenes. The structure-sctlvity relationahips 
for agoniata of thia receptor autftfeat thai fbr nonhalotfenated atfoniata, 
there ia a requirement for extended phuiaHty, and at toast three aromatio 
rintfa for agonist binding (Piskorska-Pliascsynak eC al*. 1986; Poland* 
persona] communication). I3C does not meet this laai criterion and on a 
structure-activity baaia appeara to be an unlikely agoniat of the Ah 
receptor. In fact, Gillner et si. (1985) and Poland (personal communication) 
have shown that I3C did not bind to the Ah receptor iaolated from the rat 
or mouae* 

The fact that 13C doea not possess the structural featurea of an Ah 
receptor ligand, yet initiates biological responses charscteristic of a 
receptor agonist suggested to us that 130 was altered in Wvo 
(''bioactivated'*) to a form capable of receptor binding. A number of recent 
studiea now implicate gastric acidity aa the cstalyat for thia btoacUvatlon 
and provide some clues aa to the atructure of the generated agoniata. 
Evidence to suggest a role of gastric acidity in the bioactivation of I3C 
include: 

1) results from structure-sctlvity studies with simpis in<loles that 
describe a correlation between the instability of indoles in scidic solution 
and their potency aa inducers of monooxygensss scUvity (Bradfisld and 
Bjeldanea. 1987); ^ . . . . ^ 

2) the observation that ISC la biologically acUve when admlmsiered 
oraUy, yet InacUve when adminiatered intraperltoneally (a route that allows 
the indole to bypass the scidity of ths stomach) (SherUer, 1982; Bradffeld 
and BJeidaneat 1987); 

3) the fact that products generated by exposure to I3C to acidic 
solution are biologically active by eithsr the intraperitonsal or oral routes; 
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A\ rl«mcinBtraiion that 130 and an equivalent mass <^ }^ •Pid 
^„.r.ili JrS^I^U ^ri? equlv.te^^ poUncy when admintoUred 

onilly (Bradfield and BJeldanea, 1987). 

Initial fraoUonalton .ludla. wtth 130 acid P"^"'*J» ^f** * 

^uetTSyTdailonSSbla binding affinity for tha Ah receptor and alicil 
h^S^ rMDOiwaalndloativa of claaalcal receptor agoniaU (Bradfield and 
stSd^ ^^l^J^S^Untionh The ausceptibility of «ibatitutad 3- 
SlTd w-iXlinJoto SrWaSvaa lo «:id cataly«,d elimination r«jctk»na la 
S^SJ^? ^nLtant with tha «N«Uvity •»P«'f«» for v^^^jo^. 

mlithylenelndolenine which by -elf condensation can produce tha ieolatad 
diroeric and oligomeric products (Figure 3). 

The ciaaalc atudtea by Vlrtanan (1966) on lha autolyaia at 
gluoobraaalcln indicated that at neutral pH •"^^^Tf^. " 

preparation). 130 ia the major product and can condenae to 133 or react 
SSTh^Iao^bic acid to genarata aacorbigen. Our studies cotrflrm the 
ganeration of I3C aa tha major autolysis product both tn macerated plant 
CtorU and in an fn vitro eyaUm composed of thioglucosidasa and purified 
gluoobraaaiein. Our experlmenta indicate that autolysis can J>^«»" 
olanl material that has been boUed for 5 minutes (Bradfield and BJeldanea, 
ISSTB). These raaulta auggeat that 130 ia likaly to be found m cooked, 
lad. aa wall aa in uncooked Braasica vegatablaa. 




FIGURE 3. AOIO CONDBNSATION PROOUOTS OP t3C 
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Th© inatablUiy of 13C has ImporUni implicaUona in assessing its 
dtsUry AleJJSlnce- Our data auggasi thai iha half-lifa of ^^C in maooralad 
Plant niaterial is approximaUly 12 hours at rooia iaaparatura (Bradfiald and 
liSi^t l9f^B)ln6 thai leval. of I3C a« ^^^-V-^^VrcJ?^^ 
oSdaUva procassea during tha drying of plant matarial 
Bieldanes. 1987B, 19870). Thorafore. expariments that haya utilisad drtod 
plant matarial or axtanded autolysis tines may hava generated lavela of 13C, 
lAH. I3CH0. and 133' substantially lower than thoaa levels ganarated during 
human consumption of fraah or cooked vegetables. 

Tha National Research Council Report suggeats that ^^»^f'^<*^^J[^^f 
IB tha major autolysis product generated in Brassica vogatoblea (National 
Reaaarch Council, 1982)» Wa baliava that suggestion is Incorrect for the 
following 



1) HPLC analysis of tha lavela of 13C and IAN in freshly roaceratad 
plant material indtcatea that I3C is the major autolyats product and IAN is 
a minor one); ^ 

2) IAN has Uttle biological potancy aa an Inducar of ^^^^^^^J^^ 
activity (Loub ai al., 1975; Bradfiald and Bjaldanea, 1987; Shartzer, 1982) 
and ia tha waakast indolic inhibitor of neoplasia <Wattanbarg and Loub, 
1978)* 

' 3) tha actiona of ISC, but not IAN, (Bradfiald and Bjaldanea, 1987) are 
mediated through acid condensation producta that ara agoniata of tha Ah 
receptor; and 

4) many agoniaU of tha Ah recaptor (a.^., chlorinatad dibanao-p- 
dioxins and dibensofurans) are among tha most carcinoganio, teratogenic, 
and acutely toxic compounds known (Poland and Knutson, 19B0). 

Tha relatfonship batwaen agonist activity and toxic affecta suggeats that 
conaumpiion of large quanUtiea of Braaaiem vagatoblaa or thair indolic 
conatituanta should ba avoidad. 

CONCLUSION 

Tha generation of Ah receptor agonists via the condenaation of I3C 
in tha acidic contenta of tha atomach appaara to explain the mechanism by 
which I3C elicits induction of many xanobiotic-metabolising ensymeo. At 
preaant, it ia not olaar whether thesa condonsation producta also account 
for tha anticarcinogenic acUvity of 3-aubsiitutad indoles and of Brasmica 
vegetablaa. If, in fact, I3C acid condensation producta bind to the Ah 
receptor as do highly toxic impounds, such aa TCDD, wa should thoroughly 
understand tha toxicology of 3-subatitutad indolaa before recommending 
them aa desirable componenia of a dial to raduM tha incident of human 
cancer* 
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OHgonMriiaUon off Indol«-9-earbinol ki Aqinous AeM 

Kail R. Qnm and LMmard P. Bjeldanes* 

DtjMrtimfU oiNuiHtUmal SeUn^ UnbmnUy of C^Bfomia. Btrk^, CaUfomia 94720 

lUc§bmdOetoh9r2B,im 

IiKloU-3-ctrUnol {I3C» alao called 3-(hydioxym«thyi)inloIe] b « naturtSty occurricf wwvfiftittflf 
of qgcfaiotHMla with a blobftcal activtty that fa at laart partialhr dapcdant oa tta convanton 
toacthRtiubitaxioiainacklkmadla. WaoompoadtfMidwtitbsQf 
of ISC pitMlttead uadar coDdftloBi ippml^^ 
idflotitfaa of pcoducli of a^batttutad iwloiat jMod^^ 
co a dt tton a> AflvalO>iiiiiitMatmantlnaquoo«aHClaohitioiwI8Cimcc^^ 
to a mlxlura of aeetonitrOa-aohiUa firodaetii tha major componanta of which (aa datamfaiad 
by HPLO waia diindd-S-^mathana (^liaS>17,18-hasahydio^d<»ioiial[l^ft:4»5* 
ft^^'ltrihidola (2.0%)» and [2*aiidol-3*ylmathy])lndid-S-yl]faido^ (S.9%). TW 

tatl¥» ia ri g nmanto wara mada for 8,a-hfa(tedal-»3^athyl)lndol»nina (0.69%), a ayoim^rlcal 
c9clfetrtraiiier(0M%Xaiidalbaart^raiii«(l.l%). &idoM8tM]carb8ida aCSQ wm fermad 
alowly in aquaoua addk aohitioiia in low yiaMa (2,0 t^Mon) which inoaaaed to graatar than 90 
ppm foUowaif addition of an organie aoWant [tatrahydiofiiran (Tinr) or dimathytfbrmamida 
(DMF)1 to a nautraUaad aohition. lUlativayialdaof trlmaiavadimariacraoaadwfthdacraiaii« 
pHandwilhdacnaaingatartiDganicantrationofISC Bvidanoe la proaautad that IC3 fanoaHon 
not faivolvo radical intenaadiataa as fa diaractariatic of photod^ianiic procawcfc A 
\ ratioBala fa praaantod for the formation of the Idantiflad pioducta. 

IlAmhiGllafI taWiatiqo from tohMM Btoetioa Impact bum tpu... 
Izidofa-SHsarbhud ri8C;^afao called d-Offdzoxymcthv^ ^OQ-MHi proton NMR mctrt wm obtAbiMl from tha 

of cytochrome P-4601Ai-dapandant mono* - - ^ . _ _ _ 
> (CYPlAl) and can modnlata Oa potancgr of 
_ a. Whan admlnfatered before a carctoggan, laC 
can ael aa an inhibitw of cmiear initl^faa» moat fiUEaly by 
altartngcardnoganmetaboUunCD. tf odndniatBradaflar 
a cardaogan, DC can act aa ft pfonoti 
(0. tiCS^^^'^'Mm^^.^^^ I, I 

fa under atudy oa a piotactiva ■gwrt 
canear(3). Thfa dudcanoaa-modulatii^ activity fa l 
araHy aot aeen in aabatancaa of amaO molaailar weight 
auehaalSCbotfaftcbaractariatieof cei ' 
aromatic aubatanoeei moat notably 2A7,1 
banvFp-dioxin (TCDD) (4). 

An eapianatfcm for thfa nmiaual activity of ISC i 
tan the ofaeervationi that laC fa UiMy n»itive to oom- 
pamtivaly mlU addfa conditfana <n and that under thaae 
condBtkma I8C fa CQovvted to biologimqr active aubatanom 
(6>. Weraportadmvlouahrthatamoiwtiiaaeaubatancaa 
fa bMiQW8>6]caibnifa (K% SdMme D iddf^ b 
with iaC» fa ft potent hiducer of CYPlAl wiOioot contact 
with add and h« a hig^ affinity fbr the Ah receptor 
|HOtein(7). The AJb ree^rtor fa a oontrd £Mtor te the 
aj^^ria^of CYPlAl and Unda with bl^ aCBni^ to 

For proMut attt^y we hiveatfaated the identitiae of 
the mafor digomaffa imdttcta of I3C ptoduoed in oqueouB 
^ and the aOKte of leectiim conditioaa on the conpo- 
aillcacf thfamiilinew OurpmpoaewaatogdnlnBldt into 
the diemical pfoeaaaee by whidi 18C fa cmwted into 
hWoglr alh r acfra aubatancee under a<iueouaacidfcw 
ditiona apptoiimating thoae ftiund In gaatric Juice. 

faparlwwtol S a oM o n 

^OaaenlMethada. WapuidiaiadiaClbom AldiichChamicd 
Co. (Mihvaiikeai WQ aa the hydrate aad purillad H by raciya- 



jCA Tha mobOa-phaaa Mfartfaoa ware 60-6(B» 

1 in wattr cr In 81 mmol/L ammBnlum dSh y d r cmm 

ph09bataadimtadtopHa.7wlthaqaamammoofa. Tf^tmOf. 
t h a l aiap favohnMawweOOlmLt and tin oohnan flow Mtawm 
IfliL/mln. llwilataetovwaaaiyNranAte/BaehmanUV/vIt 

BAodal fhierMcenca ■Dactsonatar Mt ftr anttftthm at 385 



wHh tha help of L-a Kim (Califtnia 
Health, Barkdiy, CA> nefaw a 



nn. WaiecrfvedthtHFUVhfiiOBftbMi 

cfPohBe 



column i 



the 



FbHowfafthepiocaduieofllobfaMon 

(9, we inepered ICZ by the Ffadwr IndnHTitinn of the Ui- 



efKS. 




matorial ware 



icatabrat 

•pactfum or UV qiacttam of tha qmthft 
idwUkd to IHandtoe vahna {9, iflj. Afae t --. 

tha ilPU: coodMom daaeribad hi tut lactta) te tha pf«^^ 
Munpfa and for an authantfa temple of ICZ (pmrfdad fay J. 
Borgznaa, Royal InstHaU of TMhnoIocy. Stockholm. Swwi«B>. 
Cauiiom iCZ U stnsetunify i^laud to ih^ poUfU toxin TCDD 
and$houldbohandlodwUh€an. ContamiaoUd Mwqm and 
•oAofafw can bf muHnofy doeontominaitd wiih 6% sodium 
hypochUaito 9oitiiion. 

Piepa f ntlenafthaAoMBaaotioaMteuioaaPfK IMu 
Um procadufo r^pofftad fay LMta and Marlon («)• wa gaoaratad 
tha raacdon ndituiaa at amfafant taapwatwe fay tnattiv a itiiiad 
aquaoua aehitloB of laC (tiypicalbr OA mL at a I 
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cydk tilmw (fiAlM'AT4a 
IndoU); LTtu flni uamr tHmn Ut-(|iidot>8.;^ 
S-ylBOlhaflOljL'IS Meoad Hamx trlmw (W 

indotonfawl s CTM, cvdic tttnoMr; LTol, Unoor 1 , 

hydwftiim; D »jf; (Baw tfaytfotrnmldoi Ah ncoptar, aqrl 
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18 ^nol/nD vilh )iydradik»io «cid (typkally 28 fJj of a 1 
imaul/inLnlutiQn). T^ttotutiaawMftirndfQr lOmiiiazidtfMn 
amtndind with avMoia amm^ 

anud/mL tohttkm). For tbm HPLC analysis of tha raactfoo 
prodncti. no than addad THF (typlcaUy M? nL to glva a final 
" I votamm at 1 mL). or, for tfaa marhanktk stodlaa, othar 




iacL»gtf#af waifcMXwai 
tha piaclpltata wMi wrtg| and tiwp atr-diiad tta product whfla 

Maapnn ti pwaa cc ao pohi aaBDia OT ngm. 

MaaaaraMSit of ICZ la BXBC For temaaacrtmantof ICZ 
latak In aohxtkm wa p i apai a d a caltoattoB cnrva lalating tha 
flucroaca n oa taaponaa of ICZ atandaid ovaf tha rangaa of 8-18 
B^mL and ng/aiL Tha flnaraaeno 
wMi laapact to cop ca ntiatfaip orar thaaa i 

Btemaant af M'^M aad OUmt OMvoBoota fai ] 
To miM iii i a,y;Dn d hi^A in tha HXMao fatiinii tqr HPLC. wa 
pfwaiad a atacdwd auluUon of tha authmtfc lyBthatic oofnp<iiinrt 
and tilafeid lli paok am wbn datactad Iqr UV abKxptkm at 280 
mm to tiMaa hi RXM aaniplaa. FOr othar oom p onan ta wa 
1 thai tha BMdar abaon^ncoatfUanta for tha wira 
HMrta ly dartvad firon tiwfc of %8^-DlM aa 

W: 

of ofdar n) - (<airf83'-DIlf)][»/81 

«hara can(S.y.DIM) • 1.81 x 10*. 

BCaaa aad miB Bpaetiml Data. Coapouad a (d«8'-DIBf): 
m/s 847 (2S), 346 (08, M^. 246 (100), 817 (19). 180 (81); I (ppn) 
[OD^ 4.10 (8 H. m, 6.97 (2 H, m, ArH), 7j04 (211. t, 

li) Hi. H-a. H. 97. 7jOB (9 It m. ArH). 7^ (9 m. ArH), 7 J» 
(9 H. m. ArH). 8L99 (8 H. br a. NH). 

Canpoundb((nV); m/» 388 (3D. 887 (loa hT). 386 (1^. 878 
(29). 270 (19). 869 (38). 286 (19. 287 (79). 286 (63). 206 (27). 848 
<29),180(l9;auetoiaacaled£Br<%ainN9; 387.1738; found: 
887.17846 < ^pm) (1) (CD^. 16 •Cfa.Ol (far a. CH« nddk), 
401 (far d| /l6 J» Hs, CHs oowa), 4« (far d« / 15^ Hs» CHi 
crown). 84h-7.4 (m ArH). 7M(brd, ArH), 9118 (br ab NH); (8) 
[GDy(:N.-6n%a88(i.ai|aBddla).44a(d.«ri6HibCi^««own). 
4.71 Cd. J18 Ha» CH« crawn). 6L97-7M Cm, ArH), 734 (d. 8 Ha. 
ArH). 9.28 (a. NH)s oomparo to Ravarty at aL (II). 



Compound cOLTr J: m/s 376 (16), 876 (61. Itf^, 8B9 (84), 868 
(100). 867 my. 286 (48), 246 UT). 180 (H); anet maaa ealod te 
CiAiNa: 878.1786; found: 876ul729; I (nmO [CDXN] 4.26 (2 
H. % CH«). 4J7 (3 H. a, Ci^» 8A-e87 (6 ^m, AiH). 7il4-7M 
(8 H. m. ArH). 7.17 <1 H. d; «r 8 Ha. ArH). 7.38 (1 H. d, «r8 Hat 
ArH), (1 H. d, «r 8 ni. ArH), 7.86 ( 1 H. d. 8 H«, ArH), 7 AO 
(1 K, d. J^8 Ha, ArH), 7.60 (1 H. d, J8 H% ArH), &88 a H. far 
a. NH). 8M a H. far NH), 9.14 (1 H, far a. NH). 

CaaopounddaiV: m/s 878 (14), 876 (47. BT). 247 (83), 248 
(lOQl, 240 CB6). 2a (18), 248 (16). 217 (12). 181 (17), 180 C97), 129 
(37). 

Compound a (CTat): m/a 616 {<QM, W), 604 (1), 887 (1.6), 
388 a). 878 (84), 878 (&1). 871 (8.4, 258 (100). 867 (61), 180 (7); 
co m p a ra to Batsman at aL (18). 

Compound f m/r 516 (1), 604 (6, M^, 387 (31). 876 

aa), 872 (13), 269 (23). 266 (100), 867 (86K 366 (41), 246 (16). 346 
(ai).248a3),180(83);aacimaaacakdforC»H^ 604.2814; 
' 604.S81& 



TWds sad Chanetarlsatloa of OUffonan. Th6 

oomplazi^ of tha mixture of pmiueta fiiui^ fn thft RXM 
u Ohntrftted with the HPLC diromatogram of FlguM 1 
whara tha paaha ara datoctod udof UV dbaoRyti(Bi act 280 
nnL ^ dizMtly maaauring tha molaf yiala for pMk a 
(tdantiltad aa Z^-DThO and by computiuf tha yielda of 
tha othar oompoiMiita of tha RXM. wa aatimated tha 
co imt admdtof rtdda for ench compound* By ooHaotinf 
tha individual HPLC peaka and ftirthar puriftrbif^^ 
thioiii^ gah^lactlop aad ooBactioo, wia ohtafnad tha alactwMi 
in^Mttt inaaa apactm for each of tha peaka n-f of PIgura 
1. We obtained auffidentamounta of tha finttficeepeaJia 
toalaozeoofdNMRqpeotrafortheaeoompounda. Peek 
A (8.9%) waa identified aa 8.8'-DIM by oomperlaon of 
chromctographio diaracteriatica and NMR end maaa 
apectn to dioae of en authimtio aampla pr^Mied aooording 
toLeeteendMerim(5). We identified peek b (2.0%) aa 
the qnttmatricel cydie trlmer 6,6bll,12>17,18-hesehydio* 
cydaiional(l>a^4j6-8«73^'1trifaidole (CIV) by < 
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Ftcvn 1. HPLC duoourtogrtta of RXM (aOQ7-niL Mmpla 
iidioted onto • 046- (id.) X 20^ C>18 oohina wbig 66% 
•ottoottrilatewvteMthitlatlnf tolvtiitldotoct^ 
mptioii ct 280 niiL 



o# HPIX:S and MB anilyM with auUMtttte 
movided Isy IL H. ThomMiii, Dopartmont of Cbemisliy* 
Untvmilyaf Abtrdoen»OldAb6id6eii.SootkBd. NMR 
data abo w«ra oomlatant with publMiad lindiBfi and 
•howad a tharpaning of ilgnala in ipactrm nm at -6 *C 
attributadtothabrld^ngmatfaylanatubatituaota. TUa 
ifhci fa aiaociataci with a tarnparatuga'dapaiidBat docwwuia 
In tha rata of intarconvaniai of tha aaddla and crown 
fonnaof tfaanlna-mambexadringof CIV. Poak€(5*9%) 
waa idmtiflod ai tha linear trimar [2-(indo]-S-yhnathyi)- 
indoM-yninA^I-3-yhnarliana (LTti) on tha baala of a 
oompaziaon of NBAI and nuun apactea to publiahad data 
111) and raaaonaUa machanlatic aifumanta (aea balow). 

Tlia itnictuga aailgnnianti for cnmpmmda d^ ago baaad 
<» thair maaa ipactn and ara amUguooa with fiq^act to 
poaafhle ttruotural iaomafa involving tha ralativa orlnta- 
tkmoftiiaind<4yinu)la^intiheoi{faaiardiainB. Ibamaaa 
apaetran <tf oompound d «16%) ittdicataa that thb com- 
pound, in contsaat with LTr|» na/Mty firagmanta to fonn 
tha radical catioaa (C|,Hi»N, -¥ H)*^ [ni/s 246 (100)] and 
C«IUI^[m/aldO(97)). Thfa bahavior la conalrtait with 
thm linear trimtf 3,6-bla(Indol-S-s^mathyDindolanina 
(LlVg). Tha maaa apactral data CQinpounda a (0.6%) 
and f (Ll%), although Indicating aoma croaa oontaTnlna- 
tioo of tha two ocmiponnda, aia conalatant with tha a»* 
■Ignmanta, raapaetlv«]^, of • ^yella tatramar (CTat) and 
a Unaar tetramar (LTot). Tha a tru c tur aa for thaaa coin- 
pomda, nidlcafad in Schama I in hrafikat% ara propoaad 
on tho baala of anak)gy to tha conaapondlng trimara and 
vaaaonabla niachaniatio conaidarationa. 

Klnolina and BSachanlatio Smdiaa <^ICZ Fonnn- 
tloa. Wo Idantifiad lOS aa a componant of RXM by 
^^nm n p^w i m^iak of ^f ft mf^^ftgp^^ i^M^^ lliiQiaaQanca aniailoii, 
uhraviolat abaggption, and HPLC inaai apactralcliarao- 
tariatiot with thoaa of an aisthantie tami^ aa daacribad 
in datafl alaawiiaia (7). Wo maaauzad Urn iavab of ICZ 
praiMt in tha laaction mirturea vatog HPIX3 analyiii with 
fluogaaoa n oad at e ct io o CmMal). KZIaonlsrdowtsrlbnnad 
In A puraly aqoaona anvironmant with molar yiald aftar 
4Bhofa0ppm. Howavar, altar addii«THF or aoatoaitrib 
to Ihm raadioa amubion to produoa a homoganaoua aohi- 
tiont wa ohaarvad a molar yiaid aftar 48 h 91 ppm. 

Wa invaottgatad aavaml macfaaniatic poaaifaiUtiaa for ICZ 
foi matioa by modifying tha initial reaction condWona. In 
ona aaparimant wa aramiiind tha p oaa iMa involvamant of 
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•Sum of pMk avM* for llatar and cycUe trimar divided by tha 
PMk araa for (lUrtlnr ISC coneantratioB 12 jimol/mL). 

radcal procaaaea. Wa attempted to aidudaosygen during 
and after tha add-treatmant period by eparging all eolo- 
tiona with haliinn and keeping tha raaetlaa eamplee under 
a nitrogen atmoephere befbra and during anuyaia. Wa 
found that tha esehiaion of o^organ increaaed ICZ yield at 
15 ndn 2.M)ld. but that by 24 h ICS yidd wm only l^foU 
greater than in control eamplae run with eipoaura to am* 
biant oiygan. During tha poat-add-treatmant period* 
additimi of benaophenona at 2^ imoH/mL and air to tha 
THF aolution cauaad no aignificant differanca In tha 
amount of ICZ formed at 16 min (0L996-f old leae formed) 
compared to oontrd oonditiona* Qy changing the aolvant 
added to tha nautraUiad eohitioii ihmi TTIF to tha mora 
polar dimethylformamida (PMF), wa obeervad that ICZ 
waa formed ttbout 8 timee aa foat [0l78 ve an average rata 
ctfa88pmol/6nLmfai)l. Addition of the radkalacavai«ar 
p-benioquinoQe at 3 fimol/mL In THF to tha neutrallmd 
eolotfam did not produce a eignificant change in the rata 
of ICZ formatioo [measured aa ai8 pmol/CtnLfmin)] 
compared to the rata for THF alooa [ whidi varied from 
a28 to 0.58 pmol/(mL-min)). 

In another axpaiiment wa teated for potaibla rolee of 
dtd'-DIM cs formaldehyda in tha formation of ICZ and 
other dligomam. Wo treated a.a'^DIM itirred aa a elurry 
In water to the aame add oonditiime uaed to gan«ata the 
RXMeoh it taL Following tha ueual addition of aquaoue 
ammonia and THF, wa submittad tha sample to HPLC 
analyila. Wa found no peaka other than thoae pr e e ent fa 
a contr<d sample that had not been treated with the hy- 
drochloric add. niis rrauh indicatee that 3^-DIM la 
i^aUe to the reaction condltlone and suggeeta that 8^- 

of ISC Similarly, addition of formaldehyde (6 mmol/mL) 
to the standard addle reaction conditions resulted In no 
sikniflcant diange In tha lafee of ICZ formation oompaiad 
to the atandaid procedure. Thla reeult sugaeets that frea 
formaldahyda foraaed by deavaga of 8»( bydriMiy me t hyl)* 
hidoiae is not a likely participant In the ollfomariiation 
pr o c eeo 

BUbot of pH on OBgomarlaation. We meeaurad tha 
afXbct of pH on tha rata of ICZ formation and on the 
distribution of produeta fa the RXM. The ratloe of peak 
aiaea as meeaurad by HPLC usfag UV detection for LTV. 
and Cl^ rdatlva to S^a'-DIM are summarissd fa Tkbia u. 
The trend Is for formatioa of mora cf the trimen rdativa 
toSftS'-DIMaathapHdecreaaee. Thaeffoct of pHon the 
initial ICZ levd aftar 10 mfa of addle treatment is shown 
fa Figure 3. A critical ragUm around pH 1.6 and above 
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r vodueod lovok of ICZ fomiod. 
; OB tho Produot DlotrlbiitloB. Wo 
neantatloBoriSC 
oa tba oppiQsiiBOfeo dtaMbutioii of LT^i and ft^^ 
folativa to S.d'-DIlul Tho loaulta CTUdo ID) Indksto a 
loktivaly mora trimm aa iha faiMol ooa- 
koflSCIidocnoood. TUnmOtb « oipoctod 
i tioio Id ooltttSott io ospoctod to fhdlttoifeo 
k of Ugbor oidor oUgomoio on ' 



AMuMi^ tho product conpoaltioo oboorved hi tho 
paoam atiidioo la coinplo», tho idontitloa of tho major 
mdrfic prodttcta aro fiporally in accord with amoctotion 
baaod oo pnMlBhod atadiaa of todola oH gi wiwilialk m undar 
vasioaB acidic and tharmaloooditioaa. Amat-Goani at aL 
U4) Mated SJ'-DIM and LTti folkyidiv tMt^^ 
wtthmfldacidCpHa) toaguooqamatfianol. Ravortsrand 
Thomaoa Ui) UacttfM a^a'-DIM and trfmaia LT^i and 
CTV aa prodocta of tha high-tompotatiiio troatmant of 
diathyl(taidol-3>3^am]iioidum ddorido in dimathyi niif* 
Qskio Mdntloii. TIeoatmaBtof faidoleawlthfbiaaldohQrdo 
imdar otmnAr oddic coodltioiio in mathanol waa ahofwa 
by BoffDaaa at aL (IJ) to imdooa a vaiioty of pnrodocta. 
Theoo faidodod a eydic totramarirfildi waa aufgaatod to 
havo tha atniotiiro of tha ^ymmatrfcal looduct CTat 
BHda&oa te tha pvoductioii of LTVf or LTit haa not baon 
pw aa nt o d . Proceaaea amploymg mathanoBc aohrtkma (and 
thua h om o con ooua roaedon ^^**<*^> fanerally can 
pioduco oadi oUgomar in Uchar yield (16-M%) than do 
pr ocaaa o a amploying thanaai and puroly aquaoua coodl- 
tioaaaaaathan6%). Thia elliact of mathand la probably 
dm to hwoaaod adhibOity of atartinf materiala ai^ of 
virtuaUyaD tha intarmadiatoa produced during tha raaiv 
tktt. 

Production of ICZ undar purely aaoaoua conditiona baa 
not boon reported. Hbmvort ICZ ia produced in approx- 
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hnately S0% yield by loaottoo in atroniA^ addk methanol 
•ohitioni of indola and fbrmaldahyda or of iJV^lUM by 
ilaalf , if tha reacttona ato run in the pieaance of 
oiygan* and photoeanaitiaer (14). Indolea are hi^dy ro- 
acthaundartfaeeophotodynamtecondt t lo n e(l5)> bod* 
dftioOf Rannug at aL havo repeated the coavoraton of 
tiyptophaa unte photodsnaamk coodltiom to uaUa^ 
inmtaeta arith hfiii allfaiity for tha Aik loceptor (id). 

atudtaa la qoaatkmabla booauaa they are not Ukaly to oeeur 
in the gaatarainteatinal tract Watharrforoaooghttoda- 
tarmlna whaUier ICZ production In our aquaoua ayitam 
could bo attributed to a photodynamle elfbct. Our ob- 



reeidted In an initial 



fai mto of ICZ 



la tha rate of ICZ production fbDowfaag addition to tha 
aeutnllaedt aatatadechitton of althar tha photoeanaitiBar 
** Tn r ?| TlifP* * ii ^ Of the radteal ecavengar p*banaooiilnoDe 
alao tndtcataa that ICZ formation in our twutnlkad re- 
^ittiF* — i^^j'" t.ww-.ii» m Mij^iwi pwf^M^ SMdence 

that a haterolytic procaaa occura In tha period after add 
tga a tmap t iathanaag dfl u Mln glnthaieteoflCZflaiinatioa 
on dianghig of adhmt fkom THP to the more polar DMF 
(17). A dditi o n al avidenca that the rea ct i o ne run undar 
! and aqoaoua condltlona prooaad by different 
latfe fta ooBtraat wfl^t tha reaction rmt In addic 
J S,9^*DIM la ataUa to our aquaoua acidic coa* 
dItioBa and additiim ci f ormaldahyde to our atandard 
coatflionadldnotaffiactlCZyidd, Taken togathar, our 
xeralte aupoort tha notion tiiai a preouraor of poadfal^ 
dihydr ol n d ol ocar bawda (O. Schema II)» ia fomad In 
aqueoue acidic aoluticn and aromatisad by o hatarolytic 
dafaydrogenatlon proceea undar cundltlona that can occur 
iavlvow 

Our reauhe oa tha affeete of pH on tha dUgomaiintioa 
proceea are an astanaioo of the ilndinga of Amat-Guerri 
at aL (/ A and prorvlda evidence fbr a madianiatic rationale 
for tha ob e ei ' v ad product dlatributioa. Under neutral 
coaifitiona no po^^maittttkm bayood the dimer la obearvadt 
and undar waakly addic conditiQna (pH O dfanar and LTlri 
arefisrmadalmoataiduaively Aa the pH ia lowarad 
ftirthar, yiaida of ICZ and larger oUgomara are Increaaad 
rdatlvatothatof d^-DBl A machanlatic rationale for 
theeeobaervatkneia provided In Scheme IL Tlieaspected 
tedk add-catalynd dehydration of tha vfaByk)goua ham- 
lamlnaL DC, providae S-mathyfanafwinknfatfum cation aa 
ai|g|Mtedcd^nal|y by Leate and Marion CQ. Nudaophffic 
attack by another laC molecule providae the intarmadiate 
A adddi can either aoqid Ibrmaldel^yde (proceea lO to fSoim 
Sfd'-DIM or undergo a 1-2 dgmatropic ahift (proceea b) 
totemcompoundBb The indolaninium k» A (equivalent 
to W-lndciium kmi hae baan la o po ee d prevloualy aa an 
liiteiiiMiiWata in tha aniymatic oonveialoB of Indole i acetic 
add to a^'-DIM (IB). Dim«ric 3-aubetltuted indolee 
anakfoua to B have been ladated ea pioducte of raactloBa 
cf 3-aubatltuted inddee undar enaymatic (Iff) and nonen* 
^ymatio (IS) wmrlHiona, Hie obeervation of AmatOuarri 
at aL (19) that the oiigomerbation proceea goea oady aa fax 
aa dimar under neutral conditiona Indicatee that the un- 
protonatad fbrm of A raacte praferably by pathway a. 
Pi ooaei b la thfia ea fn g l y prefeit a d ee the ^ of the reactioa 
dacraaaae which, la additkm to tha fact that S.S'-DIM la 
atabb ia aquaoua add» acooimte iSor tha obearved deereeae 
In yielda of a^y-DIM relative to other producte aa the 
addlty of tha reactioa mixture le Increaaed. 
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Altfaouglithi ccmpoiltkiB atcXi^omm ia complCT» <mly 
ft ib^ orlaiitetlon of tl» ioddef is pnMsit ia «^ 
iB^ior oUiomtn and ICZ. No evidence was ofaftalaad by 
ui or other iBveedlston far malli^ cydic tiinMn 
mote then one lndolocert>eiole. Thie coiin|Mze[tive eim* 
pUcity of mejor prodttcte i» eipleined on the beile of ae- 
tehUahed iiaeqrtOiiUty of indobe to deetropUlle etteek 
«t^C-3andC>apoeitione(9a.ai). Thus, the likely 
intenaediete dihydboindoloeerbeade G can be produced 
either directly by intramolecaler attack at C-S" of intefw 
niedlafee B or indliectfy, aa piopoaed fay Bergman (i^. by 
attack at C-a" to prodoce btennedlate F foOowed by e 
rigmatoyte ahilt (pi o c eei d)> Spiiopenteneeof thb type 
have beoi iioletid ae produoti of benwaibaaole eyntheaie 
from a«ubetituted ladolee (81). The eltemative ahilt 
( xaut aai a) of intarmadiate F ie hie p t eito ed than proce w 
d becme of tiie eipected decreeeed migratory aptitude 
of the C-avenai the C-Smetfiyleneindntfinn ton faa which 
the nitrogen atom lone pair partiofpataa In the reeonance 
atafailintton of the pc^tfve charie eMh^ 
bennne ring ewawatlfliy* In Hha iMJkhMf$ L»twriiiioieCTilaT 
leectlon of B with I8C Bvodiicea inlerinediate D edddi can 
(U kee ftHMddaiq^ «) to ghw LTV,, (a) imdev 

•hlllb MbwRid lor cydliatkm to give C1V» or (2) reM 
XaC to piodoee tetranme by anakMOus pToceena For- 
mation of LlVt can be raticoailaed by an electrq;»hillc 
attai^ of 8-methyleneindolenli^ina ion on to 
p rod tt oe intermediate C, irfiich can rearrange by proceaa 
b to tern LTV| or daprotooate to form LT1r» 

Three atodiea confirm thet whUe product yielde may 
very greatly, the ollgoneric produeti of S-aubatituted in- 
dolee produced under ^:verae condltlana aie remaikab^ 
similar* Tfeua, treatment of certein 3-tuhatftuted indolea 
under an^fmatlc, photodynemicp thermel. or the reiM of 
eddie oBiditlona retered to hi thia ngaxi can produce 
timOer product*. Uappeatt likely thai biologically ective 
eubatanoaa analogoua hi structure to 8-methyleneindoIe 
1 may be produced from other commonly 



occurring 8-eubetituted indoles such as trypti^han and 
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I hivwiigatad hi vltio. Prdhnhiary atudiaa with iaolated laA Udnay oa^ 
cyatafaia a<ogdugat<a wate qiitta tOKte to tha eaPa hi a pocaai whkh waa oonatatant with a lole 
<rfth»flavfa>- <innt a liiin 8a>ouu uij > ^^ PutathwAoiida 
matabol f taa of cyatahia S-cosJogataa wora chemically aynthaaiaad, and diaatareomera wm 
■a p a i at ad and idantifiad by ■pactruacopic ma a n a. TliamaCuialioprodtictaaf cyatainaS-coi^iuflataa 
wen ktantifiad Iqr ccanpariiig the dmaical prcff^^ 
cyatafaieS-OQ^iivitaS-cisidea. Surinidnibr. S-eoidugate S-o^^fanaae aetM 
with rat Uda^ mlaoaomea but waa |»eaent when cyateine 8-ooxdufatea wete incubated with 
tha hi^ily purified flavin-oontaining monooxyganaae from hog liver. Tbm kinetic paramatara 
lodicatad that cQoridavaUe S-osygenaaa itenoedectlv^ 
da cyateine S-eoojugatea ware jpie£med aubatiatea and N-aoalylatt 

deoeaaed aubatrate Mtivily. S-QsQfgenatioo waa ccmaidaral^y dfaatereoaaJactive and ditfta^ 
eoadaetfvity waa much greater for cyateine S-coi^)ugatea with higher valuaa. Cyiteine 
8-eoi4i]gate S-oiidea were not faidefhiltely ataUe, and under certain conditiona, the 5-osidee 
underwent a [2^]-aigniatiopic rearzangement to acrolein. Fonnation of acrolein or other 
•lectrophHic fnroducti from S*(chloropropeziyD^yateine ooj^ugate 5-Qzidea may oontribute to 
the renal effectaobaerved for SKcUommpeE^)^^ l%a^ cytotoxicity atudiea 

with laolated rat proximal tabular ceUi or LLC-PKl cella treated with cyateine S-coi^ugatee 
ahowed a time- and do ee dependent decreaae fa cell viahflHy. Reducticm of renal cytotoddty 
of omteine S-coidugatea fa the preaenoe of methfaiaaoi» an altemato aubatrate competitive 
inhibitor of the flavixi-containixig monoozygenaae, auggaated that thte enayme may contribute 
to the renal aflbcte of Ua^dlcfaloropfopene. 

balnaftane bioectivatian via ^utathlona 8-oou)ugata f or- 
matian have appaared Cfior reviawa» aae refli 1 and 2). The 
ghitathiotte»dependent bioaetivation of vicinal dJhalo- 
aikanaa Invoivaa the intarmadiata Ibtmatioin of half-aulfor 
mualaida that give rte to reective apisulfoaium ionab widch 
arannitagenScaiuinaphiotosic(3). Arangocf ntphioloBie 
haloalkenet are Uoactivatad via glutathione S-coA}ugata 
fl(mBati<mt mataboliim <tf the glutathione 8-o«dugataa to 
^yttelne S-coi4ugatae» trantlooation to the Udnay. and 
renal bioaetivation by cyateine coajugata ^-lyaie (4). 



gliitathione S-cooiogate formation iaanim- 
of haioalkane and 



J of PhuauoMitical Chamirtry oad LIm Crater, 
Uaifanity o# (^aUfarala. 

\ Dqwrtmoat o#Ubotatoqr liMidaai Unlvanl^ of Coliforaia. 

* Uahanttr of RocbMtar. 
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Aromatic hydrocarbon responsiveness-receptor agonists generated 
from indole-3-carbinol In vitro and In oloo: Comparisons with 
2»3,7,S-tetrach]orodibenzo-iMlioxin 
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I of tte Bnuakm fleoot (a^ • 

redocci 

wOValcaC ■QCniClB Of 



DC 



wfth PH A C5-n. 
I exposure* OC l a cw tt f ! 
plastic oiitcoiac and. thus, pvomotes caicia qg cacs is (»-10}. 

Hie mech an i si nCs) l»y which DC modnlates cai cii iot eDCiii 
may be idtfed to ita potency as an iadooer of e aay mes 
iovdved io tfie mefaboiiani of candaojcBa and otikcf IbfcXia 
diemicals (5). lodetit oiodeis, oral a^ tmiwiftr a t ioo of loar 
levels of DC si tpMic an tly incieescd activitie s of epoxide 
hydrolases, qoinono reductase, and cytochfome P4501A1 
(CYFLAllMepeii de m mooooxy^enase, and at li%h levels 
hicreaaes in ahrtathkmeS-Craaslimsea were observed (5, 12, 
13>. In humans* tiie effecU of DC appear simflar. Huauo 



The piarffeaikNi coiti o^tlria ifiicla wsfs dcAaycd fai part by paa^ cbaias 

pqrmeaL Tlito articte oust ttefvlbra ba hereby anrfced 

ia accofdaace with IX U.S.C 11734 ukAf to iadcata iWa ftct 






aipalclcf? « 




Fto. 1. <Oxnpeand a| DC CAosloa b) 23,7 J-Tctracbioio* 
dtteaiopdk>iiB(TCaX)»,CAaafcae»lndoloP>61caiteiote(I^ 
(AnBlo«0 3,3'*O0ado|yfanedlaae. (Aaalaa 4 2<lndal-S-yfaaBdiyl>- 
M'-dfiadsHtaslhaas (LI). (AaslQi 0 5All.t2,17.1S.llexahydro- 
eyclMMa|IM434/'t7M")lifindalB (CI). 



hi the 




I by wh ich DC 
I activity and in 
of cafdnotBoeais. Seveiai 
I observatioaa have provided support for the idea 
thet DC is a ct iv ate d via an add-catalyaed reaction occunrfag 
hi the low^ eavironmeot of the stomach. Evidence to 
support this hypothesis incfaidea the observations that (0 
oral, but not l.p., administration of DC led to an induction of 
hepatic CYPlA«depeadent monooxyteoase activities (12, 
17); (10 add treatment of DC fsnentfed a reaction mixture 
moaooxygenase activity after i.p. and oral 
(ID; and (dO results of stntcduo activity 



A b b iB v laliM M; DC lBdDl>-><afbinoi; K T Z. ipdaioC>.2^JcaibMole; VT 
deear hImX 2<iadal-3-yhnetby0>33'*dindalyiaiedi«is; CT (cydic 
tiiBHR), 5All*12a74Msxal»dimclonoaa(l>»:4,5^:7.a^')ttfin- 
dols; TCIX), MJ>tetrBfc M moi »en zc><M«cwlB; TCDP, 2X1 
igra ihlw o(fibe t iaolto«B; Ah, aronatle hynrocarboo responsivcaess. 
^'^Po v^tftOQi co^TBsooQdeoc<e ihouJd h0 addressed* 
Vrytocbnae P^Ss nooiaidature is aecofdiaa to Nebert « i oL QXh 
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ttudieft indicated thai tndplea unstable at acidic pH have 
greater potency aa ioducert of mooooxytettase acthrity than 
do ladolet staWe at pH 09- In tliis ivpoftt we pmeni 
reioltaofe3yeriin ei it« d€t%it wttoftoherdeacribet^ 
anisaKs) at action ct I3C. Pint, w show that DC ia coo* 
veitod In potentiaily sigoilicam yidda te vliw nd 
ICZ and other oiettiyl^neiBdoie coodeasatkm producu (Fi|. 
1). Second, we rcpoct the anwatlchydracaitonmponaiv^ 
neaa (AhHepeptoc-Mmfins chamcterialica of tteaa indote 
deiivativea. ind tWnl, we characieriae tlM potency of ICZ aa 
aa indooer of CYPIAI. activity in murine hepntooa edit. 
Hope lclc7. 

MATERIALS AND METHODS 

Cl—ii ah We potclnsed indole-3-cafboxaldehyde, in- 
doia-3^«cetonitrile , and I3C ftfiHB Aldiidi. Time ind^ 
recryitallixed imin^diately befim use. We prepared and 
reorynalUzed 3 J'HitindolylBiethpne (Fig. 1 analog 4D and 
ICZ (1^1 analog c)acc<wdiiig to poldishednietlioda (18, 19). 
We isolatod 2^(indol>3-ylnietfayl>.3 J'nl&idoiyinietfaane (JLV 
(Fig. 1 analog a) and 5,6tll»n,174^bexahydrocy- 
ckmooaO»2^l4^':73^''1triiiidole] (CI) (Fig. 1 analog 0 
ftom the add reaction oiixtiire qf I3C by HPLC udng 
coodltiooa desciflied tiekiw. Pliritiet of trimer laniplea were 
eifabl|«hed liy HFLC analyses aa >99%. Identitiea were 
estabHslied by comparing NMR and mass spectia to pub- 
lished data 00, 21). TCDQ (Fig. 1 andbg h) was a gift from 
B. N. Amea (University of Ca ltoni a. Berkeley, CA). 
2,3«7J-Tetraddorod9>enzx^kiraa CTCDF) and radioligand 
[2-'^II73-dimmodfl)eiizo-p-^ojdn weie gifts from A. Fo- 
tamd (McArdle Laboratory for Canon* Research, Madboo, 
WO. We piirciiasedfeaonifin frnm Aldctch. 
piuilled ethooi[yrB84Miifla aoconSog to j 
(22). 

Jkmm* er Add rsadi^Hna Ffcednrts^OC m Waa i 
<a VlWb Aa add ruction mixtme was generated at aaddaat 



I |yy trettiog a atinred aqjueons sotlition oC DC d 
faO with 1 M hydrosdiloric add. The reaction was iiea- 
trmUzed with 003 Maq|i]eoiiBaamKniia.dautedwim 
draftnan, dO:40, and analyxed by HPLC Qsinf a Cis bonded- 
l^iaae colnmo with acctontoile in water as the mobile phaae. 
To monitor prodoctioa of moat ooodensation prodnets, wa 
used UV dmption at 280 nm and calibfatioiragBinst known 
standardat We used a llnoresceace dtffiw?tor for routine 
aaalyay of ICZ. HFLCrliS (Hewlett-Fhckard modd 
HP999S) was used to confirm peak identity for ICZ and 

To monitor prodDCtion of condensation products fiom 13C 
^ wa dosed male S^aajne nawlfy 
I DC (73.5 m^ oCbody wdgkO 

^ _ "'.^'^SjSac^^ 
e/pbosphate (jpH 7.4) homojcnates werethen filteied 
Hobcane and analyzBd by HPLC. DC and 
the add rsacfion mixture produota are sttble under these 
eztractioa conditions. Thua, producta i tl e n ii fted im vAwara 
not produced aa aitlfocts of tfie analytftcd prooedurBa. 

Oaract rtiattm ef D C Cwd rnsprtton Priiatts ai Agpnliti 
of the Ah RaespCsr* To determine affinity of compounds for 




the Ah receptoTt wc oo ndo cted comp^litive binding experi* 
meats with tlie fadtoQgand P-"*ll7J- dlb romoda)e n a<»-p- 
diofliin. B o un d and free radioligand wars sepaiated by the 
c harc oakadwofptioo assay with Ah receptor prepared from 
C57BL/6J mouse Hver cytoaol (23). 

Aas^ysls ef latedfcm ef CYFlAI-nipindini AetMy. To 
c ompar e the capacky of a purified oo mp oi im l or reaction 
mixture to uidoGe CYPlAl acthrity, we m onitored the ia* 
d a c t ion of ethoxyresondln CMie et h 3 ftase In cultured m m ine 
I cells 04). Results of previous experiments have 



shown that DC treatment increases the levels of CYPIAJ 
genetrBp8criptointhecytosol(25). Bridly, coelhieiit Hepa 
lclc7 cells were treated with diffmnt oonomitrations of the 
test materials disaoived in (Hmethyl sul fo xide (find toethyl 
sdfoxide conoentratioo of 1 J% (vol/voO ia the growth 
me«fium). After 2 daya of faictdiation at ITC. 3 x 1€^ ceQa 
were suspended hi -1 J nd of bototde Had/pboaphate 
buffer d pH 7.4 in a l<m-8c|uare fluorometer cellf To the ceQ 
suspmsion we tlien added 0 J ad of a solution of ethoxy^ 
reaorafin hi the same bulfrr to inake the find cthoxyreaonifin 
conc eatm tion 2.5 iM in the cuvette. To monitor resorufin 
production, we recorded the fl u or esce nce produced at 586 
omftomexdtationai 510 nm. Wecdfofated the fluorescence 



RESULTS AND DISCUSSION 

HPLq analysis indicted that wHhfai 10 1 
DC te oonvcfted to a cffimptei mixtpre. The 
prevdeflt UV*abaoiblogconippundain the mixture were LT, 
CT, and 3 J'-difaidolytanethane (Ftg. 1). lidar yidda of theae 
compo unda wcro in the rsi«a of 2-6% of odgbml DC 
Pkodnctton of 33'-6fia4otyhnethane and LT by add i 



analysis of the add raactioo ndxture of DC ttsfaig HPLC whh 
flnorwceace detector indicated ICZ (Fig. 1). This discovery 
is of psftieufar fatterest becanae ICZ ia nearty iaoatefk whh 
TCDD and binds with Udi affinity to the Ah receptor (26). 
Thus, ICZ waa probably apolealindiioer of CYPlAl (27-3CD. 
The evidence that ICZ is a component of the add rsactioo 
ndxturp of DC is aa foflowa: (0 no ICZ peak waa detect^e 
by HFLC asMlysia of purified DC; (4) the presumed ICZ peak 
hi the dttom^iMBam <rfthe add reacdoa ndxture had the 
same r^tentson raaa and peak shape aa did ai i thrrtric ICZ 
under a tm^ of HPLC dutipn oonditiona (Fig. 1); (00 
daoaMtograpMc analy sis s howed t^ 
idsiuie with aulhf ntic ICZ appropriately increaaed tfie i 
of the preamned ICZ peak, and no adttion 

(M the flnoceac 
af file presnmsd ICZ pedk of tfm 
identicd to those of the anthenfie 
I (Fig. 3); eid finally, (v) HPIXMiS analyaea for 
m/z 256 and 128, the two mdor hma pnaem hi the I 



9 



Plo.2. iA)Oiraauioami of ICZ (CiyMlonary phase with 65% 
aoetooitrile ia wat«r as dntfav tdveaO detected with flnarsscence 
exdtadoa at 335 am and emission at 405 am. (g) Ghromalapnun of 
ths add leactioa mixture of DC wkh r 
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Flo. 3. noomcenoe escdtatioa and 
pmumed ICZ peak (4/ and itf. respectively) ftom tlw 
nfatm of I3C and ftom autbefttic iCZ W and A^. respectiveiy). 
Spectra were obtafncd by scanning the HPIjC peaks ttop^ 
detector flow cell. The fluoieacence eolisiion waa measured at 41S 
nmlnAi and Bi, and tbe eadtatfam waa 335 on in and A2. 

impact mass spectrum of the authentic ICZ, todicated these 
in the proper ratio in the maaa spectrum of the 
lICZpeak(Flf.4). 
Quantitative analyaia by HPLC IndicateJ that im vAro 
yieklB of ICZ increased slowly with time. AftorJO nrin of 
trentment with acid, the ICZ molar yield was 0.0002%; after 
48 hr, the ICZ yksid waa 0.002%. However, 
acid-treatment mixture produced after 10 mia 
ized and diluted with tetrahydrotoan^ ICZ yields 
high aa 0.0075% at 20 hr and 0.0090% at 48 hr. 

To deteradne wt^ther the add-coodensation producu are 
9eaeratedlMv#vo, we analyzed gastric and intestinal contents 
of rata alter oral administration of DC. Five Iwura after oral 
gavw with I3C, 33'-diiiidolyhBethane. LT. and CT were 
readily detected in the small faitestine (data not shown). 
M<te yi^ were -0.1-0.34% ftooB I3C. ICZ waa present in 
molar yields of 0.001M in stomach tissue and ooitteao of 
stomndi and 0.0011% in contenta of smnO intestine CF^ SU 
Twen^ houn after DC traatmeat, the yield of iCZ in 
stomach tissue and oontents waa only 0.0001%, an d miKJ i 
iuglier yielda wete fbttttd in the contenta of cecum (0.0080%) 
Md in ftoes (0.0010%). These 20-hr Qtm niMBSt a auai- 
mnm total In vivo yield for ICZ on the order of 0.01%. None 
of these values is corrected fbr recovery and, therdbie* they 
reOect numnmm levela of ICZ and other con de nsati on prod* 
ucta in the aantplea. The identitiea of the fCZ and 33'- 
diindolytmethane produced in vivo were ciM i fhuiw t by com* 
parisoo of their HPLC retention times, fluorescence or UV 
spectra, and HPLC-llS b^viors with those of tbe authentic 



To begin to evahiate the biological actlvitiea of DC add 
products, we compared the Ah reccpior-bindiQg afflniti r i of 
the more prevalent coodensation products to those of DC and 
related indole monomers (Table 1, Fig. 6). In these experi- 
meirts, TCDD or TCDF, two of the most potent Ah-receptor 
agotdsts imowo, were used as posftive controls. Our leaults 
were consistent with previous findings (26w 27) but Indicated 
that ICZ bmda to the Ah leceptor with Ail of 190 pM. which 
ia aimilar but clearly diffecent ftom tbe iQfor TCDD (7.1 pli). 
Thb result indicalea tittt the recepcor-bindmg afllnity fiv 
la only 3 J x lo***- and 8.4 x lO'^-ftM lower dian those of 
TCOD and TCDP. res|»ectively. LT, CT, and 3.3'- 
dUnddyhnethane bind with considerably less affinity and had 
K4 values of 22 nil, 62 nM, andM nM, res p ecti vely. These 
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(A) Qectron impact mass spectnun of ICZ Standard. (81) 
I of ICZ (Cu stationary phase with 60% acetomtrOe in 




ju m/z^ im Crhramatogram of the add i 
fOC detected with ali«Mao OKmitoriiv at m/c 25S. (CO 
t of ICZ detected with sinsMoa monitariag at m/t 
128. (O) ChnNnatoanm of tbe add leactioa adxtme of DC detected 
iuueiUMiag at m/x 128. Vcrticd ues in S and C 
reprcicn t iQntfcd km oounts mcmsttred for the 
Im/z vatea. 

recqitor-lNndiiv affinstiea are, thus, between 3 x lO*^- and 
8 X lO'^-fold lower tfian that of TCDD. 

We fbund diat the simple 3-substituted indoles DC, indc^ 
3<arbojialdehyde, and indDle-3-acetonitrile bound to the Ah 
r ece pto r very weakly, ifataO. Given the higfa ooncentratioiis 
of these indoles reqidred to disidace the radioligand, it seema 
probable that the observed competitioo may result ftom a 
trace contaminant in the indole preparatioa or from the 
generation at condensation producto in solution during the 
18-hr i ncu ba t i on time. In support of our contention that DC 
ia not an Ah-receptora«onlst, we obsmed that, of all indoles 
tested, I3C baa the lowest bimUng affinity for the Ah recep- 
tor. The rdathre binding affinMea of these indoles sharply 
contrast widi the biological potency of these congeners aa 
inducers of monooxygenase activity in the whole animal, 
where DC is the most potent Inducer (12). These observa- 
tions uidicated that none of the shnple 3-sabstituted hidolea, 
inchKttng DC, is aa agonist of the Ah receptor 61 viva. 
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Flo. 5. HPljCCcolitiniuCttitstkMiary pkMewith6S% 
triiB is 31 nuaol/filer ct t 

I cjbcitstloB At 

335 an) cfaroawtoinBi of ICZ <■) (detector ink it 4x); ceed 
I of control nt fai 2D-lir flnwp C^) (mnpte oodftited); cecal 
I of DCMted rat is 2»te tnwp (c) (oHMe dinted 1:1(0: 
ICZM (Meclor fceie ot Ix); Moiftchcoalcatt oTcoottol rat in S-lv 
ronp (tf > CMvIe dBmed 1:110; end atoMch amteati ofDC-litiUMt 
railii 5^ vmp </) Cemple diMod 1:101. 

Oar molts ftpoi ecbaxymomfio OdeethylaM (EROD) 
inrfnctioM e jq yc iimen te in Htpm lclc7 ccOs iadtofcd tfud the 
acM reac tkig mixsme prDdooed maxtmiim indnctioa at 100 
mM (13C eqnivdeiilft). aad abofve tlito dcMe ft waa 



to the ceSk Tbe ECae value te the t m ctloti adxtnie waa at 
least 70 mM. By contrast, the BCMvahiea for ICZ and TCDD 
wen coasldetaMy leaaal260±50iiMaiid36±12|kM» 
le^ectivdly (I^ 7). NeillMr ICZ nor TCIX> ibo^ 
toxicity evctt ad the doaca wlieve monooxyy naie 

activity dediiied. Ow vahie Itar the EQa te TCDD In He^ 
lclc7 ccOa is ainitar to the vahie rqwrted bf bmel and 
Whftio A 03). ^ 

'Ae chetacteiittica of tiicae substancea, aa a^otaata of die 
Ah l e cci iiof , may lie a mmnaria ed aa todowa: siniile 3-sab> 
ititutcd ipdo lci , aoch aa I3C« do not bind to the Ah i c ccp tor 
with hitfi aflhdty and may not be nignHlranr i^onista cT the 
Ah receptor 6i vfiw. Upon contact with add, bodi In vftro aiid 
la vAv, a aeiiea of indole coDdensatioo pRMhicta ia I 

TMal. 
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7.1 X vr-^ 
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1.6 X Mr" 
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1.9 X ur» 


3.7 X 10-* 
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2.2 X IQ-^ 
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vr X 10-* 


2.4 X 10-' 
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•stay was done as de 


tcffbed ai). The 


trae of the radMipfld « 


Msssttraedlobe6Jx 


10rB(3D:UieJ:4 


for each omMwiiind was dc 


itennfaied by the aoetlM 


dorUadea(32). 




no.e. ConpstidOBefTCDDaadUCooadeasatloaprodactate 
dM spectfle bindini of |> >^ 7,M{biooiodfteaz»r^xlato^ 
reccptof . The conpethioa-biadlns assay was done as dewibed* 
Assay conditions wne as fallows; total laaoBisnd concentration of 
5-10 pM, to tal WMgte on n yrtntf^ 

SwygTl-S iS ^j^ ^ na IMy hwAn don at 4^ 
Ordinate is Hn/SI^ ^pedllcaOy Iwund iwtiotfsaod in the pr e ic nee of 

»■ f ■ ■ ■■ I ■ ■ ■ I — ^ - M — - - - m. » A _ _ / an \ ,ai»^ -S — -a , ' ' ■ 

pven imwif or coaipciiior vivioefl ey ^ 

fadloi^and ia the iHm^ ff of cooBpetitor (B^* 

diswivedlndinKdiylMdfoKidesndaddedtottiainCT*atkwia5^ 

. Each data point icpreseols the avernst vakie flfom at kait 

DC. Ovvet te TCDF and LT am date la ihnpe aaddoaely 
far i^JjD and i^i # i esp e ctl ve|y» and w cie onritted fly 



clarity. 

from DC. This rencdoo ndxtnre is c< imp osed pfimaiily of 
indole condenaatioo prodocta, wfaicfa appveatly bind weakly 
to die Ah recepcoc However, whether dihi weak bindit^^ 
activity ia a property of the mitfor olitoinera diemselves or ia 
due to smaO aoKwnta of ICZ produced dorftng the assay 
ptooednre la not resolved by die pveaentstuAcn. Byte* the 
moat potent Ah receptor afonist identllleil ha ttm renctfcm 
ndxtnre is ICZ. Because of the higher yiehb of the wealnr 
bindlnt oUtotnerat ICZ appears of rotigfdy eqonl Importance 
totheoaieroligoeacrsintfael>i»ft>oenqfine-indbringnctiv^ 
of the inixtuie. Coinpariaooa of ICZ and TCK> iiMttcate dint 
both have hish afBintiea for the Ah-feccptor protein, have 
low foxirifiea te the Hepa 1c1g7 ceOa, and are potent 
of CYPlAl in ccO cultufo. The dl flbi e u te we 
in I ndMcim BCj^ values te ICZ and TCDD from 
Ly ( -7000 fold) is tarser dian would be predicted 




Flo. 7. BdMxyiesondfai Odeetfaylate activity (EROD) was de* 
termined ta Heps lclc7 cells as described, rompitfed mean BCji 
vslaes aia36±12pMsad260 ±5OnBlte TCDD sad ICZ, 
ws perttv eiy. (BC» valnes are means 
te TCP D and five determinations te ICZ.) 
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from tlie olisen^ difffaneoces m vl^ 
X vr* IbM) and may ante from, amooi other caosaa, 
in ceBolar uptake, metabolie lata, or eneiiy- 
hiccr eflhix atiociatgd whh muttidnig resia- 
I for ttitt two compoundt (34). 

the Ah-racaptor*bliidiiis and the CYPIAI- 
ladiidni eharacleristlea or ICZ and TCDD era slaiilar. thOT 
fc'^^irttrn l dBwta may be similar in otimr rejects also. 
Indeed, TCDD and ICZ are both active to ledncfalg 
deve topmem to nmrine fetal tigfoma onian cotoe, •ittMM^ 

ICZ ia laaa toxfc than ICDD to thia asaey by a Ihctor of 10'' 
(39. or apedai note to the context of the preaent tovesti^ 
tiott are the cstabiiihed nctivitiaa or TCIH> aa an aoli-iiiitiator 

related flffecta or KZ or rdateil olipomen mey ncooont (far 
aome or the cam»r*iM^totfag acti vltiea or DC. 

Becauae ICZ and TCDD may produce tfatflar Mologicai 
^Ifacta, it ht or interest to oompare a typical dietmy doee or 
ICZ to the ctumitly ecc ep teb ie meirfmimi dose oTTCDD. 
Aseumiog tfiat a 2tM ooovcrelon or gtoGobreedcto to DC 
ocean diiriatmacerBtiooorplantniateflil(0.nloa«po«tton 
of bruiaeb qMmiu can provide between 10-50 /mmi or DC 
(38). A yieU of 0.01% to the faatraintettiiial tnet, aa todi- 
catcd by the present studies, would provide a dose or 1-^ 
nmol (25^1280 i«) or ICZ. This dose is considbnbly to 
excess of the maxinnwn aooeptaUe daily human dose for 
TCDD estabHshed by the U.S. Bnvironmtoial FMectiott 
ACBacy--i.e.,lJ25ihml(4OOf0fora7O4gpenoii.lIofwever, 
uacfoi quantitative compaitona of tbo relstive haiaid, or 
benefit, of the two oompbunds aa, for 
m o du hitors. camiot be made oo the beeis oT avaflabie i 
oattoe. Affinity for die Ah-recepCor procdn to vA»w sod 
potency as an todoecr oTcytochrooae F-4S0>d9eiideiit mooo- 
oxypeoases to coD culture may not be reltoUe todfeaUvi oT 
resutts Ikom loartenn caacor testa to animals. Other thcton 
to be considered tochide bioloifcal halHMb, which may be as 
Ions as 10 yr for TCDD (39). The baif^ oT ICZ may be 
omniderably shoctcr than thb for sevoal reasons, indwfii^ 
the possibilities that ICZ amy teve fern Affinity for celhte 
stnrepe sites than TCDD, ICZ may be metabolized to ex- 
crmabto products more rapidly than TCDD, and ICZ m^ be 
a better substrate for the multidnig resistance active- 
transport system than is TCa»(34). Atthmtfiforthersnidies 
an required to characteriae the bioiorieel activfly or ICZ, k 
appm nnlftely that normal teiMa or ICZ ftom the diec are 
or stontficant heard oonipmed with ths 
\ to BnaaMkm vs jelables (4>. 
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4. I have been infonned and believe that claims of the *477 ai^lication 
are sukjcct to a rejection based on Liang Jin ei at.^ 1999. Cancer Research 59:3991-3997 
(hereinafter "Lianflf*) and also to a rejection based on Liang in view of U.S. Patent No. 
6,001,868 (hereinafter ^'Firestone**), and U.S. Patent No. 5.98t,S68 (heieioafter ''Kunz*7. 

5. Attached hereto as EidiiMt 1 is a copy of U.S. Patent No. 6,689,387. 
T1]efiI]ngdaleofthispatenli8Sqitember23,1999. I hereby conTimi that die acU described 
in Seedon 13 of Exhibit 1 were carried out by me or at my direction in the United States of 
America prior lo August 3, 1999. 

6. Aa shown in Exhibit 1, 1 had txealed a patient with cervical dysplasia 
by administering processed DIM (see coL 1 S, tinea lS-39). TVeatment with transcbrmal 
processed DIM finr a period of two wedcs» fi>llowed by two months of daily use of oral 
processed DIM. resulted in a more normal appearing cervix upon xepeat pelvic exammsrion 
by the same medicid practitioner. 

7. The patient was a 4S year old woman CV.H.**) with a long history of 
fibrocystic breasts, recurrent severe breast pain» and cervical d^plasia. The breast pain 
occurred on a monthly basis during the second half of the menstrual cycle and required the 
use of analgesics like Ibupiofen. The breast pain diminished with onset of the menses. 
Abnormal pap smears of the uterine cervix were first noted in her mid-thirties. The cervical 
dysplasia was categorized as a **low grade squamous intxa^thelial leaicm** in a pretreatment 
pap smear (see paragraph 8 below). The patient began taking transdermal processed DIM in 
a 1 .5% strength breast cream for relief of monthly breast paiiu Dramatic resolution occurred 
over a period of 2 weeks. During this time, a reduction and disappearance of chronic vaginal 
discbarge whicfa had been present and attributed to the cervical dysplasia were also noted. 
FoUowing two weeks of tiansderanal use of processed DIM, the patient began daily use of 
oral processed DIM (Indolplex™ fiom Blorespoose) at a dose of SO mg per day of DIM« 
After two mcmths of oral therapy, follow up pelvic exatninadon revealed a more normal 
appearing cervix (see paragraph 9 below). 

8. A cervical-vagiiul p^ smear, performed on the V.H. on July 6, 1 998, 
before DIM use was initiated, showed 'low grade squamous intraepithelial lesion" (see 
Exhibit 2). The presence of low grade squamous intraepithelial lesion (LOSIL) is consistent 
with human papillomavirus (HPV) infection and mild dysplasia. See Nguyen et al, 'Hlie 
Bctfaesda System and Evaluation of Abnormal Pap Smears'^, Seminars in Surgical Oncology, 
1999; 16:217-221, see Table 1 on page 218 (a copy of which is attached as Exhibit 3). 
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Subsequent to this test, the patent vm treated with processed DIM as described above in 
paragraphs 5-7. 

9. A follow up pop smear was performed on V.H. on August 3, 1999 (see 
Exhibit 4; see ''Date Recrived**). The results of this test show that the abnormalities noted 
before DIM treatment were resolved. Tt» diagnosis of "atypical squamous cells of 
undetenained significaacc** indicates that **sonic squamous cell abnormalities aie more 
abnonnal than those seen with reparative or inflammatoiy change, bui are not severe enough 
io qualffyfar dfysplasleT (emphasis added) (see Nguyen supra at 218). 

10. Therefore, prior to the publication date of Liang, /.e., prior to August 
IS, 1999, 1 had conceived and reduced to practice the treatmenl of cervical dysplasia in a 
human subject in need of such treatment with DIM. 

11. I declare fiuAer that all statements made in this Declaradon of my own 
knowledge are true and that all statements made on infonnation and belief are believed to be 
tnie and fintfaer that these statements are made with the Imowledge that williUl false 
statements and the like so made are punishable by fine or imptisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such willfid false statements may 
jeopardize the validity of the application or any patent issuing thereon. 



Date: 
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